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it The preliminary report is presented on some synoptic
ST 0T 7 elimatologicel investigations of mid-lstitude upper
©o% -3 air patterns assoclated with tropical cyclogenesis in ,
SV T4 the western Ceribbean, Gulf of Mexice, and eastern S
"7+ Rorth Pmﬂific. _ : T
©tTE® 17 Storm tracks of North Atlantic and eastern North Pacific
Y5t +%  for the period 1947-1963 ere related to the normal 500 mb,
subtropical ridge, end some comments are offered on the
"t "relationships between storm ‘tracks &nd troposPheric flow
"'_patterns. - o . o o
A number of specific proposale are offered for climatologi
cel investigations designed to assist the tropical analyst
" and forecaster. ’ PR o

-

The tropical enalyst and forecaster is confronted with several obsteacles

in the detection snd prediction of tropicsl storms, Large areas devoid

of deta, intricate patterns and the small variability of many meteorologi-
cal parameters all combine to make his task difficult, This 1s compounded
by a lack of general knowledge as to the significance of departures from
‘mean values of observed maeteorological data., Many studies have been made
6f the normal paths or most frequent paths of tropical storms ozxiginating -
in orx passing through selected geographic axeas. In more recent yesrs,
{ncreasing attention has been placed on the variations within the season
of the most probable paths of storms, as well as the most probable locations
of their first appearance. o

In Weather Bureau Technical Paper No. 36, North Atlantic Tropical Cyclones,
Mr, Cry, Mr. White, and X attempted to summarize the avaiiable knowledge

. - on the tracks and intensities of North Atlantic storms &nd hurricanes occur-

) ring in the years 1886-1958. These data have been used by a number of

' researchers in seeking &nswars to such questions as when and where do storms
originate; where do thay go from theraj what is the probability that the
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sbovn at &ny point fw zny piven tire ond epace will cerike o given section
of ccastline within various epecified time intervals; ave there secular
tronds te tropleel storm end hurricane sctivity; cnd weny reloted questions,

At the Third Technical Conference en lhurvicencs and Troplcal Storms hold

in Mexico City 4in June 1963, seveval popers wexe presented dcalino with the’
climatology of tropical cyeclene cctivity. At thst coniference, I shoved &
nunber of prelininary clides dealing with clinmatological~synoptic patterns
@scocinted with Noxth Atlantie tropical eycloszenesin, These 1llustroted
pattexns epparently related to tropical cyclogenecis within linited time
and spece reglonss Figure (1) shows two composite charts developed ©y com=
bining the five individual daily charts for selected days in June on which ° |
tropical cyclones weras f£irst detected over & limited arca in the Gulf of I
Mexico, Thesae two composite charts, sea lavel in the lower xight end 5C0 mb.
in the upper right, ere compered with the Juna aversge sea~lavel prassure -
in the lower left &nd tha avarnge Junc 500 mb. height and temparatura in the

upper laft, - .

¥, . . ’

The sea-lavel composite chart ia charecterized by an intruaion of high pres-
sure over the Great Lakes &res, a deep low over esstern Canada &nd northern .
New England, sud a northward shift of the rtdge of high preseuxa ovay tha ’

eastern Unined Ststes. S - S R

o i
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Tha compoaite 500 mb. chart 15 characterized by the appearance of a clooad
high center over the southwestera United Statoo, a ridge of high pressure
extending east-wast north of the Gulf Coast, &nd an easterly flow,a: the i
500 mb, level over the entira Gulif of Maxico. .

In @ sepsrate investigation, Mr. Oliver M. Davis has suggested that the~"
probebility of hurricsne -or tropical storm formation mey ba evidenced by :
repeated patterns in the upper air or at the surface or a combination of
both precceding storwm formation., He has suggested that these patterns,
when esteblished and described, may be used fer £orecastiug the possibility
of atorm forma:iano -

N . . . . . . e

He has subgestad that u%5 much as ong or two waeks prior to storm formation
on intensa low i formed over eastern Csnada, and has described several

related pattarn changea.

[§ . : . . 1 l

Certainly, :hn composi:e chnrc sﬁcwn in’ thi& slide, which was arrived at ;
quite cmpicrically by picking days which hed as thair coomon feature the - i
appearance of & storm {un the southwast Gulf of Mexico in June, cuggests - 1
that his hypothesisc of & cold law over: oastatn Cannda‘is, 1n thics {anctaonce

&t least, supported, o Lol SRR Ty B L ‘“




Yost previcus studies of tropical eyclogenesis and wmovemont have councaerned
themselves primarily with the storms in specific geographic aress, especially
the western North Atlantfe, thea wastern Facific and tha Indian Ocean., TFromn
time to time, somae ntiention has been devoted to storms in tha castern North
Pucific, Since the rmejority of these form and move through avcas of aparce
data coversga and only cccasionclly directly affoct populous land areas, theco
storms have not been gilven aspaci&l atteniion unkil recently,

On the back of the Illot Chart Of the North I'acifie Qecean for ﬁpril 196k,
¥r, lans E. Rosendal of the Office of Climstology of the U, &, Weather
Pureau, has an articlse published under the titl@, ”Eastarn North Pacifie

Ltopical Cyclonea 19&7—1963 "

I have been impressed with the fact that wa hsve & most unique situvation

dn tha Americas in that the atmwospherfé circulation of the western Atlauntic
Ocean overruns the land connection between tha North Americsn and South
Americen continents and that -the West Indles-Cantral American land complex
happens to occupy the area in which the circulation would be wost favorabla
for the development and travel of tropical cyclonas, Therefore, I feel that
it is worthwhile to look et the troplcal cyclones of the North Atlantic Ocean
and costern North Pacific Ocesn s 8ll members of the cama femily, According-
ly, a group of us &t the National Weather Records Center have reproduced tha
annual tropicel storm tracks for tha years 1947-1963 on a map base which pexw
mits tha portrayal of these two groups of stormg together on 4 singlae chart. -
We have used the North Atlautic storm tracks from Technical Paper Ro. 36 ‘
and subsequent annual issues of Climatolegical Data, National Summaty, and
have used Mr, Rosendal'e tracks of eastern North racific storms,

Figurea (2) through (9) show these tracks for the principal portions of the
hurricone season., In figure (2), tracks for May 1947-1963 are shown, together
with the mean 500 mb. 19,300 ft, contour taken from the Atlac of 500 Mb,

Wind Charecteristics for the llorthern Ilemisphere, by James F. Lahey,

Reid A, Bryson, Eberhsrd W, Wehl, Lyle H, liorn, erd Vilas D, Hondaersom,
published by the Univaersity of Wisconsin in 1958, The probabla position

of the 500 mb. vidge lina 4s &lsd shown &8s & heavy dashed line, The majoricy
of May storms have essentially a northward travel, though many seem to go
through a seties of convolutions in their attempts to migrate, , :

“In figure (3) the storm tracks for June are shown, togathat with the ridge
line and the 19,300 ft. mean contour:, June storm origing ara more pravalent
west of Central Awmerica than to the east, and ona camnat help but be impressed
with the fact that the storms from the Gulf move north or northeast, while
the storms originating {n tha Pacific have thair origins &t lowar latitudes
&nd show a much stronger tendancy to migrate co tha natthwont; e S
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In figure (&) we Bee tha storm tracks for July for thesa years, and agafn
the 500 wb. mean ridge line &nd the 19,300 ft. contour., 19,400 ft. contours
hava boon added to thie mep over the southwestern United States and western
North Atlantic. Im the Gulf of Mexico, the ridge line has migrated 3-4°
of latitude northward. The storm oxigins of the west ¢osmst of Central
Amarica cover a larger ares end thore ara more of them, The tracks from:
the Gulf of Mexico are vother similar still to those of Juna, and a faw
tracks appear in the morth Atlantic, ’ : :

Figura (5) shows tracka for the month o( Auyunt for the 17 years we gxe
considering here, Tha high over the southvestern United States is not as
fntense; the ridge line in the Gulf {is in approximately the same latitude
28 it was {n July, though it has swung to a more eastewest orientstiom; . =
and the 19,400 ft. contour over the Atlantic is not greatly changed batween
these two months. There certainly is & remarkable change in the storm
origins and their primary movements. The frequency of storms over the -
eastern North Pacific is reduced between the months of July and Auguet,
while the fthuency ovar tbe North Atleuntic . is greacly incraased.

At this point, X would Iike to digress for a momant and suggest that the

mean monthly pattern igs not the appropriate patteran to describe storm origin
and movement, If one makes the hypothesis that storm origin and movements
are, in fact, closely related to the mean tropospherie flow pattern, they
can make several infercnces abput those pstterns, and the mean patterns shown
on this series of figures may differ somewhat from the vatterns that our group,
at least, would infer. Pausing with August to look at this specific item,
one would get the fmpression that etorms occur when the high center over the
North Atlantic is somewhat to the ecast of the position shown on this wmean -
chart and that the storms recurva at about longitudes 70° to 80°W. through

a8 somewhat denpar trough than shown on ths mean pattern‘

In Septemberudwhich is broken into two parta following the custom of many ‘
prior suthors because of the total confusion of lines created by attempting
to show all September tracks on a single mape-wa sea firet the ctoxms for

the first half of September om figure (6). Here in the first half of Septenmber,

we have more storms in the esstern North Pacific in these 17 half wonths than

we did in the 17 full Augusts we heve just uced. Two families of storms appear’

in the Gulfe~those which occur well south of the mean tidge line and move weste
ward and those which occur in the mid and north Gulf and wove mortheaatward.,
Vary few storms move through the central Caribbesn, Many which originate overx
the North Atlantic move up well offshorc in a rather llmited path width paet
Bamcﬁ \ ; .

The combinations of nany of the eerly Seytember stOLms would suggast in cha
mean tropospheric flow pattern one might infer that the ridge line at the

time of storm pessage is in the vicinity of the loop on the path. The measn
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ridge line ir well south of the locus nf these loops. One might guess from thise
that ostorms are more likely to occur when the 500 anb, ridge is somewhst nerth-
of its mean position. Certainly this i8 not an original thought,

Tha last half of September is shown in figure (7). It, too, has many wobbles
and loops on the storum trscks, Thosa over the North Atlantfc sre north of
tha mean ridge position, while those in the vicinity of Cuba or in the Gulf

of Moexdco are unear or south of tha mesn ridge position, Tewar storms occur
in this half of Septombexr over the eastern half ¢f tha NHorth Pacific, and
their path suggests that the mesn ridge line wight be even further south during
theirx ocaurrenue,;v-rr : , PR .

~ In figure (8) the October tracks are shown. In many respects they look 1lika .
a mizture of May, June, July, and early August storms rather than. like late
August and September storms. The subtropical high st 500 mb. is at its lowest
hefight and has moved abruptly southward since September, ©Sporadic storm
origins over the North Atlantic are associoted with short«lived storms. The
storms which attsin maturity originate over the Bahamas, the west Caribbean,-
or the eastern Pacific. The large frequency of north or northeastward novae
ment from the point of oxigin is the dis:inguiahing featura of this chart.
Tha total stom frequency is on the declina. w e e e , Y

Figure (9) shows the atorm tracka fot all other months of thasa 17 years.f“
It is obvious thst the period November«April 1s outside of tha principal
tropical cyclone season, and that these storms occur undexr unusual eircum-
Btances. e e T R .

In the first figure of this presentation, we exanined a composite chart for _
five storms originating fin June in the Gulf of lMexfico, and noted some charace
texistics of tha flow pattarn associated with them, The ssma composite
technique was used to develop the composite sea-level pressure chart fox

five storms of eastern Pacific origin shown in figure (10). Tha strengthene- :
ing of the southedst flow over the Gulf of Mexico and the occurrence of the -, .
deep thermal low over Arizona, coupled with & deep trxough northward toward . ’
Hudson Bay ara obvious features of this composite., The 1018 high over -

New England suggests that these psrticular eastern North Facific June origins
wvera coupled with strong anticyclones over the easterm United States, One
night spaculate--and at this point 1L would be pure speculstion-~that these
storms originated over the Pacific rather than the Gulf because the patierns
favorable to thair genaration wera displacad southward,

Tigure (11) shaws the composita 500 mb. haightu and cempernturas nosociated
with the sama five ¢astorn Pacific storms., The ¢losaed 19,300 ft. high over
northern Maxico and southwestern United States with its rvidge line extending

Iy
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toward Cubs is displaced southwestward from the position of the compaxable
pattern in figure (1). <The pattern of figure (1) was related Lo stornm gemesis
$n tha Gulf of Mexico, These eastern Pacific storms have their origins approxi-
mately the sama distance southwest of thae Gulf origin as the rala&ive displaca=

ment of this pattern.

Time doos not permit the presentation of similar charts which our group has
developed for storms originating in other wouths oif the -sesason and-other pore
tions of tha oceanic arcas, a.g., July storms over the Bahamas; September
storus over the western Car{blean, etc., but such composites either have been
or are being developed In en empirical search batween the geometry of the
surface aud 500 wb, patterns and storm genesis. At the suggestion of

Dr, Harold L, Crutcher and his assoclates, we ara undertaking hsrmonic analye
gis of the sea-level pressure and 500 mb, heights slong selected latitude
circles for dats obtained by selecting dates on which storms firsc appeared
at cpecific values of lntitude and longitude, - -

At the same time. that theee investigations were underway in Arheville, we were
investigating the precipitation sssociated with tropical storms, Mr, Duxham
has developed a model of precipitation associated with & unit storm, and we
have compared precipitation smounts obtained from storms in each year with the
normal variation of precipitable water over @ large segment of the northemm
hemisphera. This investigation is continuing and will be the subject of a
soparata raport. :

From this hasty background of relating storm track geometry to synoptic patterm
geometry, it s a short step to the question, "How can wae use such climatologie
cal information ms & tropical analysis end forecasting aid?" and tha question,
“Is this all that climatology can do for us?’ . L .

The real purposa o£ this paper is Lo proposa to thia group thac there are &
number of climatological projects which might be useful 1in developing tropical
analysis and prediction aids. Nina specific propocals are offered here, arranged
in a rough order of increasing complexity and cost. Those listed first are
simple and inexpensive. The last few sre msjor studies which would iuvolve
several Wi years and major expensa to ‘accomplish, -

1‘ - Develop monthly mean trqpical atnmosphere for savaeral Bactions of
. tha lrogics. oo I au" : ;»r;: o

Honthly waens. of height, temparature and relattva humidity h&va
:bagn computed for West Indies, Cemtral &nd South Amarican and
U. S. stations for svailable data from 1953~l962.

J
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These tabulated data can be comhired te produce monthly wean
tropical etmospheres for selected areas,

Develop 8 visual portrayal of the trepicel winde aloft summary
and rarametara,

Wind data end parsmeters have been summarized and tebulated for
a largae rmumber of tropical staCionc by wmouth and atmOSpheric
levels, Co

Resultant wind direction, speed, vector standard deviation of |

vaelocity, zonal components, correlation coefficients, probability
ellipses, and multiple related parametere are tebulated at
selected millibar 1evels by month for each station..

The resultant wind end the probability ellipses for several lay-
ers of probablility can be plotted on chnrts or on plastic overlays
to conform to Che chatta iu uee, s 2

It is recommended that the several agencies concerned agree on a

standard map projection; family of scales-and family of areas of
coverage, and that the wind parameter data be printed in a backe

- ground color on the master base for reptoduotion on-each of the
' areas and scales, - T e Rl T

PR T

Develop storm movement csses for limited areas strntified by
parsiatence and prior motion, Co KRR :

._"

Hbet storm movement cases developed so fer usa as input data
the storm poegiticn alone, New cases stratified according to

1) storm location, 2) present motion, and 3) past motion, will
provide an 1mptovement on the initial clinmtological storm motion
prediction, -+ . : L e Tl .

Develop prediction models for hurricane parameters for wind,
pre: sure, rain; etc,, forecasts,

Using representative coastsl or low~level reconnalssance data,
davelop wodels of the distribution of wind, pressure, precipi-
tation, etc., for selected storms over a range of intensities,
Thesa models will ba useful in forecasting the distribution of
thesa paramatexs . in.ttlation to prognoatic storm positions¢
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‘Develop a set of relatf{onships between widdle latitude .,

‘-ship observations received by mail (ebout 3 times as many as . -
"' by radlo). A set of surface and upper air charts can then

__be. reproduced in conjunction with the TIROS mosafcs to provide
.duty forecasters with models usaful in the interpretation of

_ new satellite photogrnpus on an cperational basis.

i 7

Develop a set of data on nrobahility of "sterm rtrikes"” in -
coantal arcas for storm eituntions.

A number of ¢limatolopnlcal studies havo been made of the

future path of ctorma sccording te present storm location.
Oune gpecifically designed to prepare probability forecasts
of storm threst for specific target greas would be usaful,

Utilizing climatolozical deta of storm tracke snd stratifying
these according to storm position, month, lmmediate past track,
etc., probabilities (in terms of percentage risk of strike) -
can be developed for specific targelb areas and tima periods.

qynopcic paraneters and tropical ctorm genesia. : ISR

An extens{on of the wotk described in this report would
provide climatological models of wmidelatitude synoptic

parameters related to tropical cyclogenesis in gelected ..o t@inm.

regions aud tima periods which would serve aa "check 1ist’
itens" for analysta and forecascere. ‘ W

1

P

P

Develon a set of relationsh;ps between TIPOS cloud patterns

énd synoptic chart data In tropical cyclone situations. T

A catalogue of mossics of TIROS photographs in tropical
cyclone situations can be developed, Surface charte can
be reanslyzed for these situations utilizing all available

IR Y

t'Develop a set of Cr0p£ca1 atmosphere wind shear probabili;y Fasin
" ellipses,

. Wind shear {s sm importsnt parsmeter in tropical forecasting.

Little 18 known of the climatology of wtnd aheat in Lha cro- 3

‘pieal” atmosphere. o ': Co L e ' R e

.'} LN

‘Utilizing wind data on filc, a set of wind shear probability

ellipses can ba developed for tropical statfous portrsying
the shear distributions through 100 mb, leyars (e.g. from
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950-050 mb., frow 850-750 ub., ete.). These ean ba plotted

on overlays or printed on a map base foxr comparison with

shears plotted on daily synoptic charts and used by forecssters
in the early deteection of anomalous situstions,

Q. Develop a set of '"noxrwal" surfrco and upper air charts for the

Troyic

The only level for which reasonably accurste “normal’ charts
arae avgilable in the tropics is the 500 mb, leval, This levael
18 suitable for pradiction of storm wmotion but thus far {1ll-
suited for prediction of storm genesis.

Careful plotting of surfsce charts and development of upper air
charts through differential analysis utilizing stability considera-
tions, followed by grid point data readings, would mske development -
of useful normals possible. -

The development of such novmsl charts would be a major undertaking,
but might be accomplished over 8 period of several years by utilizing
tha capabllity of the Northarn Hemfsphere Map Project as this group
turns to machine methods for its wmid-latitude analysis..

Normals for at lesst 850 mb., 70O mb, and 200 wb, should be devalaped.
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